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[Title of the Invention] METHOD FOR PRODUCING LIQUID
CRYSTAL DISPLAY PANEL

[Abstract]

[Object] To prevent a sealing failure by uniformly
distributing spacers over the entire part of a liquid
crystal panel at the time of sealing liquid crystals between
substrates by a vacuum dropping method in the process for
producing the liquid crystal display panel formed by
dropping a liquid crystal material between the substrates
and sealing the liquid crystal material between the
substrates facing each other.

[Solving Means] The maximum diameter of the spacers 5
adhered and fixed between a pair of-the substrates 1 and 4
is smaller by at least 0.2 to 0.6 um than the thickness of
the liquid crystal layer held between the substrates 1 and 4.
The spacers 5 are coated with adhesives and the viscosity of
the sealing material 2 for sealing the liquid crystals is

specified to at least 50000 cps.

[Claims]
[Claim 1] A method for producing a liquid crystal display
panel comprising:
coating a sealing material on an electrode forming

surface of at least one of a pair of substrates in a frame
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shape;

adhering and fixing particles having diameters smaller
by 0.2 to 0.6 um or 4-12% than the thickness of a liquid
‘crystal layer held between the substrates on an electrode
forming surface of the other of the éair of the substrates;

dropping a liquid crystal material on the electrode
forming surface surfounded by the sealing material; and

overlapping the electrode forming surfaces of the
substrates to be opposite to each other under a reduced
pressure and diffusing the liquid crystal material to form
the liquid crystal layer between the pair of the substrates.

[Claim 2] The method according to Claim 1, wherein the
particles are coated with an adhesive and fixed on the
electrode forming surface.
{Claim 3] A method for producing a liquid crystal display

panel comprising:

coating a sealing material having viscosity of 50,000
cp on an electrode forming surface of at least one of a pair
of substrates in a frame shape;

dropping a liquid crystal material on the electrode
forming surface surroundéd by the sealing material; and

overlapping the electrode forming surfaces of the
substrates to be opposite to each other under a reduced
pressure and diffusing the liquid crystal material to form

the liquid crystal layer between the pair of the substrates.
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[Claim 4] A method for producing a liquid crystal display
panel comprising:
coating at least doubly frames consisting of a sealing
material on an electrode forming surface of at least-one of
a pair of substrates;
dropping a liquid crystal material in the most inner
frame of the sealing material on the electrode forming
surface of the substrates; and
overlapping the electrode forming surfaces of the
substrates to be opposite to each other under a reduced
pressure and diffusing the liquid crystal material to form
the liquid crystal layer between the pair of the substrates.
[Claim 5] The method according to Claim 4, wherein, after
sealing the liquid crystal material, at least one of the
pair of the substrates is cut while leaving at least most
inner one of the frames consisting of the sealing material.
{Claim 6] A method for producing a liquid crystal display
panel comprising:
coating a frame consisting of a photo-curing type
sealing material on an electrode forming surface of at least
one of a pair of substrates, disposing a light shielding
means at the vicinity of the inner side of the frame, and
dropping a liquid crystal material on the electrode forming
surface surrounded by the sealing material; and

overlapping the electrode forming surfaces of the
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substrates to be opposite to each other under a reduced

pressure; and
irradiating light onto the sealing material to cure the
sealing material.

[Claim 7] The method according to Claim 1, 3, 4, or 6,
wherein the liquid crystal material drops using a liquid
crystal maﬁerial container having a constant pressure and
having a liquid crystal supplying hole at the lower side
thereof, and a dispenser disposed in the liquid crystal
material container and having a needle for. switching the
liquid crystal supplYing hole.

[Detailed Description of the Invention]
[0001]

[Technical Field of the Invention]

The present invention relates to a method for producing
a liquid crystal display panel, and more particularly, to a
method for producing a liquid crystal display panel for
‘dropping a liquid crystal material on a substrate and
sealing the-liquid crystal material between the substrates
facing each other.

{0002]

[Description of the Related Art]

A liquid crystal display device has been widely used as
a display device, because it has a small thickness, light

weight, and low power consumption. A liquid crystal panel
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for displaying a character or an image is a main part of the
liquid crystal display device and has a first substrate
having a transparent electrode formed thereon, a second
substrate having a driving circuit such as a TFT formed
thereon, and a liquid crystal material filled between the
substrates. |

[0003]

As a nethod for sealing the liquid crystal between a
pair of the substrates, for example, there is a vacuum
injecting method or a wvacuum dropping method. The wvacuum
injecting method includes forming an empty cell by
overlapping two substrates through a frame-shaped sealing
member having an opening formed at a portion thereof at a
predetermined interval, putting the empty cell into a
chamber and reducing inner pressure of the chamber,
immersing the opening of the empty cell in a liquid crystal
material, and introducing nitrogen into the chamber and
increasing the inner préssure of the chamber. Thereby, the
liquid crystal material is absorbed into the empty cell by
the difference between the inner pressures of the chamber
and the empty cell to fill the 1liquid crystal material in
the empty cell. For example, this method is disclosed in
Japanese Unexamined Patent Application Publication No. 62-
89025.

[0004]
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However, in this method, it takes much time to make the
inside of the chamber to the vacuum state in case of a
large-sized liquid crystal panel. Also, an amount of the
liquid crystal materials must be required for immersing the
embty cell, the producing cost increases. Further, it takes
much time and effort to seal the opening aftér'filling the
liquid crystal or to clean the liquid crystal adhered to the
vicinity of the opening. On the contrary, the vacuum
‘dropping method has many merits. Fig. 6 is a perspective
view schematically illustrating a process for sealing a
liquid crystal in a vacuum dropping method, and Figs. 6(a)-
(c) illustrate the steps, respectively.

[0005] |

In Fig. 6(a), a sealing material 22 consisting of
photo-curing type resin is adhered on a first substrate 21
having a pixel electrode, a TFT device, and_ an alignment
film formed thereon in 'a' frame shape. Also, a liquid
crystal 23 drops on the inner side of the frame of the
Sealing material 22. Further, a transparent electrode and
an alignment film are formea oﬁ a second substrate 24. Ihe
transparent electrode forming surface of the second
substrate 24 faces the pixel electrode forming surface of
the first substrate 21. Spacers (not shown) are uniformly
distributed on the alignment film of the second substrate 24.

These spacers are spherical particles having a diameter of
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several pm and consisting of resin, and are used for
equalizing the gap between the substrates 21 and 24 over the
entire panel when adhering the first and second subsfrate 21
and 24 to each other.

[0006]

Next, as shown in Fig. 6(b), the first substrate 21 on
which the 1liquid crystal 23 is disposed and the second
substrate 24 to which the spacers are adhered overlap with
each other in the vacuum state. Further, when the sealing
material 22 contacts with the second substrate 24 to form a
closed space between the>first and second Substrates 21 and
24 by the sealing member 22, if the vacuum state is changed
to the atmospheric pressure state, the first and second
substrates 21 and 24 are attracted to each other by the
pressure difference between the inside and the outside of
the cell. At this time, as the interval between the first
and second substrate 21 and 24 becomes narrow, the liquid
crystal 23 is radially diffused into a horizontal direction
between thé first and seéond substrates 21 and 24.

[0007]

Thereby, as shown in Fig. 6(c), the liquid crystal 23
.is completely filled in the frame of the sealing material 22
between the first and second substrate 21 and 24. In this
step, the gap between the first and second substrates 21 and

24 is equalized over the entire panel by the spacers. Also,
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at this time, a repositioning process for precisely
positioning the locations of the first and second substrates
21 and 24 to a pixel level is performed. This is performed
by moving the first substrate 21 or the second substrate 24
in the horizontal direction. If the repositioning process
is finished, wultraviolet rays are irradiated onto the
sealing material 22 to cure the sealing material 22 and thus
the process of sealing the liquid crystal is completed.
[{0008]

[Problems to be Solved by the Invention]

However, this method has the following problems. First,
when dropping the liquid crystal on one substrate and
adhering two substrates, the liquid crystal rapidly flows
between the two substrates. Thereby, the spacers which were
uniformly adhered ére radially diffused from the center of
the panel by the rapid flow of the liquid cryStal and then
are distributed in a ring shape or are collected at the
vicinity of the sealing material of the end of the panel.

If the spacers are unevenly distributed, the performance of
the liquid crystal panel may be deteriorated.

[0009]

Furthermore, the spacer and the substrate surface may
very strongly contact with each other according to the

relationship between the diameter of the spacer and the
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moving the subst;ate in order to reposition the substrates,
the alignment film or the electrode file is damaged or the
substrate is blocked from being moved by the spacers. Also,
filling the liquid crystal in the cell between the
substrates is performed using the pressure difference
between the inside and the outside of the frame of the
sealing member. However, since the sealing member is not
cured at the filling time, the sealing member is cracked by
the pressure and thus the sealing failure may occur.

[0016]

Fig. 7 shows a liquid crystal display panel in which
the sealing failure occurs. As shown, two kinds of cracks
22a and 22b are generated in the sealing member 22 disposed
between the first and second substrates 21 and 24. The
crack 22a is generated by the atmospheric pressure acting on
the inside from the outside of the frame of the sealing
member 22 when the inside of the frame of the sealing member
22 is in the vacuum state. The crack 22b may be generated
due to the compatibility between the liquid crystal and the
sealing material or the bressure of the liquid crystal
material 23 acting on the outside from the inside of the
frame 22. If the cracks 22a and 22b are generated in the
sealing material 22, the liquid crystal material leaks from
the cell or air is introduced into the cell, and thus the

display characteristics of the liquid crystal display panel
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are deteriorated.

{0011]

Moreover, contamination of the liquid crystal affects
the display performance of the liquid crystal display panel.
The contamination of the liquid crystai can be obtained by
measuring a voltage holding ratio between the opposite
electrodes sandwiching the liquid crystal therebetween. As
the voltage holding ratio increases, capability for holding
a potential difference between the opposite electrodes
increases. Thus, capability for driving the liquid crystal
increases. Fig. 8 is a graph of measuring the change of the
voltage holding ratio over the irradiating time of
ultraviolet rays for curing the sealing member at the center
and end of the liquid crystal display panel. In this graph,
a vertical axis represents an ultraviolet ray irradiating
time and a vertical axis represents a voltage holding ratio
of the liquid crystal. Also, a line A represents the result
obtained at the center of the display panel and a line B
represents the result obtained at the vicinity of the
sealing member of the display panel. As can be seen from
this graph, the voltage holding ratio of the liquid crystal
at the center of the liquid crystal display panel is not
substantially changed, but the voltage holding ratio of the
liquid crystal at the vicinity of the sealing membef of the

liquid crystal display panel is deteriorated over the
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ultraviolet ray irradiating time. Also, the ultraviolet ray
irradiating condition was in the range of the condition
which is recommended by a maker.

{0012]

This is because, when the ultraviolet rays are
irradiated to the liquid crystal at the vicinity of the
sealing member, the liquid crystal and the sealing member
react to each other and the reaction product melts in the
liquid crystal to contaminate the liquid crystal. The
contamination of the liquid crystal occurs at the vicinity
of the sealing member and then is diffused over the time to
deteriorate the performance of the entire liquid crystal
display panel. The present invention is to solve the above-
menfioned problems and an object of the present invention is
to provide a method for producing a liquid crystal display
panel which can enhance the display performance of a liquid
crystal display panel, prevent the substrate surface from
being.damaged by the spacers, and easily move the substrate
to reposition the substrates by uniformly distributing
spacers over the entire part of a liquid crystal panel when
sealing the liquid crystal between substrates by a vacuum
dropping method. |

[0013]

Further, another object of the present invention is to

provide a liquid crystal display panel which can prevent the
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sealing failure due to the crack of the sealing member and
enhance the yield of the liquid crystal display panel. Also,
another object of the present invention is to provide a
liquid crystal display panel which can reduce the
contamination of the liquid crystal generated by irradiating
ultraviolet rays for curing the sealing member and enhance
the display performance of the liquid crystal display panel.

{0014]

[Means for Solving the Problems]

In order to solve the above-mentioned problems, there
is provided a method for producing a liquid crystal display
panel comprising: coating a sealing material 2 on an
electrode forming surface of at least one of a pair of
substrates 1 ‘and 4 in a frame shape; adhering and fixing
particles 5 having diameters smaller by 0.2 to 0.6 pm. or 4-
12% than the thickness of a liquid crystal layer held
between the substrates 1 and 4 on an electrode forming
surface. of the other of the pair of the substrates 1 and 4;
dropping a liquid crystal material 3 on the electrode
forming surface surrounded by the sealing material 2; and
overlapping the electrode forming surfaces of the substrates
-1 and 4 to be opposite to each other under a réduced
pressure and diffusing the liquid crystal material 3 to form
the liquid crystal layer between the pair of the substrates

1 and 4, as shown in Fig. 1.
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[0015]

The particles are coated with an adhesive and fixed on
the electrode forming surface. Also, there is provided a
method for producing a liquid crystal display panel
comprising: coating a sealing material 2 having viséosity of
50,000 cp on an electrode forming surface of at least one of
a pair of substrates 1 and 4 in a frame shape; dropping a
liguid crystal material 3 on the electrode forming surface
surrounded by the sealing matérial 2; and overlapping the
electrode forming surfaces of the substrates 1 and 4 to be
opposite to each other under a reduced pressure and
diffusing the liquid crystal material 3 to form the liquid
crystal layer between the pair of the substrates 1 and 4.

[0016]

Further, there is provided a method for producing a
liquid crystal display panel comprisiﬁg:

coating at least doubly frames 2a aﬁd 2b consisting of
a sealing material 21 on an electrode forming surface of at
least one of a pair of substrates 1 and 4;'

dropping a liquid crystal material 3 in the most inner
frame 2a of the sealing material on the electrode forming
surface of the substrates 1 and 4; and

overlapping the electrode forming_surfaces of the
substrates 1 and 4 to be opposite to each other under a

reduced pressure and diffusing the liquid crystal material 3
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to form the liquid crystal layer between the pair of the
substrates 1 and 4.

[0017]

After sealing the liquid crystal material 3, at least
one of the pair of the substrates 1 and 4 is cut while
leaving at least most inner one.of the frames 2a and 2b
consisting of the sealing material. As shown in Figs. 1 and
3, there is provided a method for producing a liquid crystal
display panel comprising: coating a frame consisting of a
photo-curing type sealing material 2 on an electrode forming
surface of at least one of a pair of substrates 1 and 4,
disposing a light shielding means 8 at the vicinity of the
inner side of the frame, and dropping a liquid crystal
material 3 on the electrode forming surface surrounded by
the sealing material 2; and overlapping the electrode
forming surfaces of the substrates 1 and 4 to be opposite to
each other under a reduced pressure; and irradiating light
onto the sealing material 2 to cure the sealing material 2.

[0018]

As shown in Fig. 2{(a), the liquid crystal material 3
drops using a liquid crystal material container 11 having a
constant pressure and having‘a liquid crystal supplying hole
13 at the lower side thereof, and a dispenser disposed in
the liquid crystal material container 11 and having a needle

14 for switching the liquid crystal supplying hole 13.



H08-106101.doc - 15 -

[0019]
[Operation]

Acéordiﬁg to the present invention, by adhering and
fixing particles having diameters smaller by 0.2 to 0.6 um
or 4-12% than the thickness of a liquid crystal layer held
between a pair of the substrates and covered with adhesives
to one substrate, the substrate can be moved without
damaging the inner surface of the substrate. This was
experimentally confirmed.

[0020]

Also, by forming a frame of a sealing material on an
electrode forming surface of the substrate, adhering
particles having adhesives to the inside of the opposite
substrate, dropping a liquid crystal in the frame of the
sealing material, and sealing a liquid crystél under the
reduced pressure, the particles can be surely adhered to the
substrate. Accordingly, the particles ‘are prevented from
being unevenly'distributed by the rapid liquid crystal flow
when filling the liquid crystal between the substrates and
thus the uniformity of the liquid crystal thickness between
the substrates in the panel surface can increase.
Particularly, since the particle having the above-mentioned
diameter is apt to flow, the particle must be covered with
an adhesive.

{0021]
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Furthermore, by adhering the sealing material having
viscosity of at least 50,000 cp on the electrode forming
surface of the substrate in a frame shape, dropping the
liquid crystal in the frame, and sealing the liquid crystal
under reduced pressure, the sealing material can'be
prevented from béing damaged and thus the sealing failure of
fhe sealing material when filling the liquid crystal between
the substrates can be reduced. Also, by forming at least
doubly the frame of the sealing material on the electrode
forming surface of the substrate along the substrate plane
direction, dropping the liquid crystal in the most inner
side of the frame, and sealing the liquid crystal under the
reduced pressure, the pressure difference between the inside
and the outside of the sealing material when filling the
liquid crystal is reduced and thus the sealing failure can
be reduced. 1In addition, by removing the substrate while
ieaving at least most inner side of the frames of the
sealing material,.neéessary sealing frame is removed and the
liquid crystal display panel is simplified.

[0022]

Moreover, by providing the light shielding means at the
vicinity of the inside of the frame of a photo-curing type
sealing material adhered to the electrode forming surface of
the substrafe, dropping and filling the liquid crystal

material in the sealing material, and irradiating
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ultraviolet ray to cure the sealing material, the
contamination of the liquid crystal generated by the
reaction of the liquid crystal and the sealing material by
the ultraviolet rays can be prevented. Thereby, the display
performance of the liquid crystal display panel can be
enhanced. | |

[0023]

In the present invention, the liquid crystal material
drops using a dispenser switched by a needle. Thereby, it
is experimentally confirmed that the dropping amount can
become uniform and the reproducibility can be enhanced.

[0024]

[Embodiments]

Hereinafter, embodiments of the present invention will
be illustrated with reference to the attached drawings.

(First Embodiment)

- Figs. 1l(a) to 1l(e) are cross-sectional views
séhematically illustrating a method for producing a liquid
crystal display panel according to an embodiment of the
present invention.

[0025]

As shown, a first substrate 1 consists of, for example,
glass. Actually, on one surface of the first substrate 1, a
transparent electrode such as ITO or an alignment film is

formed, a circuit such as a TFT device or a bus line is
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patterned, and a liquid crystal is supplied onto the TFT
device. However, for clarity, the transparent electrode and
the TFT device are not shown. First, as shown in Fig. 1l (a),
a sealing material 2 consisting of ultraviolet-rays-curing
type resin is formed on an electrode forming surface of tﬁe
first substrate 1 in a frame shape and a predetermined
amount of liquid crystals 3 drop at the inside of the frame
of the sealing material 2 using a conventional method. The
surface of the first substrate 1 on which the liquid
crystals 3 are provided is opposite to the_surface of the
second substrate 4 to which spacers 5 are adhered.

[0026]

The second substrate consists of a transparent material
such as glass or quartz. Also, on the surface of the second
substrate 2 which is opposite to the first substrate 1, a
black matrix, a color filter, a common transparent electrode,
and an alignment film are formed in this order, but are
omitted for clarity. Next, the sealing material and the
spacers employed in the present invention will be described.

[0027]

{(Sealing Material)

The sealing materiél 2 is, for example, UV-curing type,
is used as an adhesive of the first and second substrates 1
and 4 in the following process, and defines the space for

£filling the liquid crystal 3 between the substrates. The
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sealing material having adequate viscosity must be selected

so that the sealing failure of the sealing material 2 does

not occurs by the pressure difference between the inside and

the outside of the cell when filling the liquid crystal 3.
[0028]

Table 1

Viscosity of
sealing material 10,000 20,000 50,000 100,000
(cp)

Sealing failure

ratio (%) 40 80 2 0

[(0029]

Table 1 represents the relationship between the
viscosity of the sealing material and the sealing failure
ratio. As can be seen from Table 1, if the viscosity of the
sealing material is less than 20,000 cp, the_sealing failure
ratio is very high, and, if the viscosity is greater than
50,000 cp, the sealing failure ratio is very low.
Accordingly, it is preferable that a material having the
viscosity of at least 50,000 cp is used as the sealing
material.Z.

[(0030]

(Spacer)

The spacers 5 are uniformly distributed and attached on
the alignment film (not shown) of the second substrate 4.
The spacers 5 are particles having uniform size and are

composed of spherical plastic. The diameter of the spacers
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5 must be determined so that the thickness of the liquid

crystal layer held between the substrates is uniform over

the entire panel when the first and second substrates 1 and

4 are adhered by the sealing material 2. Also, the diameter

of the spacers 5 must be determined so that the substrates

are prevented from being moved when repositioning the first

and second substrates 1 and 4.

[0031]

Table 2

Thickness
of liquid
crystal
{pm)

Movement
of
substrate

Not
allowable

Not
allowable

allowable

allowable

allowable

allowable

Deviation
of the
liquid
crystal

thickness

(pm)

+0.15

{0032]

Table 2 represents how the difference between the

thickness of the liquid crystal and the diameter of the

spacer are related to the movement of the substrate and the

deviation of the liquid crystal thickness.

the liquid crystal thickness represents the error of the

thickness of the liquid crystal layer which is actually

forméd between the substrates.

Here,

in case that the

spacers 5 having a diameter of 5 pum is used and the

The deviation of
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thicknesses of the liquid crystal layers of the first and
second substrates 1 and 4 are different from each other, the
movement of the substrate due to the repositioning ofithe
substrates and the deviation of the liquid crystal thickness
in the entire panel are shown. Here, an experiment of
moving the substrates was performed by fixing one substrate
with a vacuum zipper, fixing the other substrate with the
other vacuum zipper, and applying a force of 500 Kg in a
horizontal direction.

{0033]

As can be seen from Table 2, if the thickness of the
liquid crystal is less than 5.0 pm, that is, is equal to or
less than the diameter of the spacer, the substrate can not
move. On the contrary, if the thickness of the liquid
crystal is greater than 5.2 pm, the substrate can move.
Also, if the thickness of the liquid crystal is greater than
5.8 um, the deviation of the liquid crystal thickness
increases, and, if the thickness of the liquid crystal is
less than 5.6 um, the deviationAof the liquid crystal
thickness is not changed.

[0034]

In consideration of thesé results, in case of using the
spacer 5 having a diameter of 5 um, it is preferable that
the thickness of the liquid crystal is in the range of 5.2-

5.6 pm. That is, it is preferable that the maximum diameter
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of the spacer is smaller by at least 0.2 to 0.6 pm than the
thickness of the liquid crystal iayer held between the
substrates. That is, it is preferable that the thickness of
the liquid crystal layer held between the substrates is
larger by 4-12% than the diameter of the spacer. So, in the
present embodiment, fhe spacers 5 having a diameter of 5 um
were used and the thickness of the liquid crystal layer held
between the first and second substrates 1 and 4 was 5.2 um.

[0035]

In order to adhere the spacers 5 to the surface of the
second substrate 4, a method of mixing the spacers 5 with a
solvent and spraying the mixture on the surface of the
second substrate 4 in an ambient of 80-90 °C is employed.

By this method, the solvent evaporates before the spacers 5
reach the second substrate 4 and only the spacers 5 are
adhered to the surface of the second substrate 4 in a
particle state. At this time, the spacers 5 are adhered to
the surface of the second substrate 4 by electrostatic or
chemical absorption. As another method fof adhering the
spacers, a dry spraying method may be employed.

[0036]

Further, it is preferable that spacer having an
adhesive film formed at the surface thereof is used as the
spacers. Thereby, the spacers 5 are surely adhered to the

second substrate 4 and thus the spacers are prevented from
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being unevenly distributed due to the liquid crystal flow.
Accordingly, the uniformity of the thickness of the liquid
crystal layer of the entire liquid crystal panel is enhanced.

[0037]

This effect occurs by fixing the spacers with at least
a strength which can endure the liquid crystal flow, and the
adhesive film is not necessarily formed at the surface of
the spacer. For example, by spacers formed by processing a
bank having a step equal to the diameter of the épacer, the
above-mentioned effect occurs.

[0038]

In the presént embodiment, in order to adhere the
spacers coated with an adhesive to the surface of the second
substrate 4, a heat treatment was performed at a temperature

“of 150 °C for 30 minutes. After the sealing material is
formed, the spacers are adhered, and the first and second
substrates 1 and 4 are adhered to each other, the liquid
crystal 3 is filled'in the cell 6 between the first and
second substrate 1 and 4, as shown in Fig. 1.

[0039]

When filling the liquid crystal, the second substrate 4
is laid on the first substrate 1 on which the liquid crystal
3 is provided and a pressure is applied to the second
substrate 4 in the vacuum state. If the sealing material 2

is close to the surface of the second substrate 4, the
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vacuum state is returned to the atmospheric pressure state.
At this time, since the inside of the cell 6 sealed by the
sealing material 2 is in the vacuum state and the outside of
the cell 6 is in the atmospheric pressure staté, the second
substrate 4 is attracted to the first substrate 1 by the
pressure difference and thus the liquid crystal 3 is
diffused along the surfaces of the first and second
substrates 1 and 4.

[0040]

In this case, since the liquid crystal 3 is rapidly
diffused into the inside of the cell when the ambient is
returned to the atmospheric pressure state, the liquid
crystal 3 rapidly flows. However, since the spacers having
the adhesive are used in the present embodiment, the spacers
are not diffused due to the flow of the liquid crystal 3.
Accordingly, the spacers can be uniformly distributed. Also,
since the sealing material 2 is subjected to a large
bressure due to thé pressure difference between the inside
aﬁd the outside of the cell 6 and is not cureq, the sealing
failure may occur. However, since the material having the
viscosity of 50,000 cp is used as the sealing material 2 in
the present embodiment, the sealing material is prevented
from being damaged due to the pressure difference and the
sealing failure can be remarkably reduced.

[0041]
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Fig. 1(c) shows the state that the liquid crystal 3 is
completel& filled in the cell 6 held between the first and
second éubstrates 1 and 4. Here, the thickness of the
liquid crystal becomes a predetermined value d, that is, 5.2
pm. Actually, the spacers 5 do not uniformly contact with
the surface of the first substrate 1, although it is not
shown in detail iq Figure. Since the electrode forming
surfaces of the first and second substrates 1 and 4 have
alignment layers consisting of resin formed thereon and the
glass substrate itself is curved, the thickness d of the
liquid crystal must be greater than the diameter of the
spacer 5.

[0042]

At this time, since the sealing material 2 is not cured,
the repdsitioning‘process is performed in the state that the
first substrate 1 or the second substrate 4 is deviated.
This process is performed in the atmospheric pressure state.
At this time, siﬁce the diametér of the spacer 5 is smaller
by 0.2 pm than the thickness of the liquid crystal layer
held between the first and second substrates 1 and 4, the
first and second substrate 1 and 4 are blocked from being
moved and the repositioning process can be easily and surely
performed.

[0043]

After the repositioning process, as shown in Fig. 1(d),
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the ultraviolet rays 7 are irradiated onto the sealing
material 2 by a high-pressure mercury lamp to cure the
sealing material 2. Next, in Fig. 1l(e), a pbrtion located
at the outside of the sealing material 2 of the second
substrate 4 is cut and the unnecessary spacers 5 and the
liquid crystal 3 held between the first and second
substrates 1 and 4 at the outside of the sealing material 2
are removed. Accordingly, the liquid crystal display panel
is simplified.

[0044]

As mentioned above, in the present embodiment, by using
the spacers having adhesives, the spacers can be uniformly
distributed over the entire panel. Thus, the work which was
conventionally performed for 1 hour in 10 inch class is
completed in several minutes. Also, by using the spacers
having a diameter which is smaller by 0.2 um than the
~ thickness of the liquid crystal léyer held between the
substrates, the substrates can be surely mo&ed in the
process for repositioning the substrates. Further, since
the sealing material having the viscosity of at least 50,000
cp is used as the sealing material, the sealing failure is
reduced and the yield of the liquid crystal panel can be
enhanced.

{0045]

It is not necessarily easy to prepare the liquid



HO08-106101.doc - 27 -

crystal panel‘so that the above-mentioned condition is
satisfied. The spacer having the above-mentioned diameter
is easily available. However, how the liquid crystal is
precisely supplied by a predetermined amount is an important
matter of the present invention. The present inventor found
that an electronic switching front-end needle type is best
and can be applied.

[0046]

Table 3 represents the result of examining the
precision of various dispensers.

[0047]

Table 3

name content precision

An air pressure is

changed in the state

Air push-pull type 2% or more
‘ that the front end is
opened.
Tube (roller pump) Liquid in a tube is
: +2% or more
type pressed with a roll :
' - Switching is performed
Electronic
with a needle valve
switching front-end : +1% or more

under a constant
needle type :

pressure

[0048]
The electronic switching front-end needle type

dispenser has, for example, the structure shown in Fig. 2(a).
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In Fig. 2(a), a sharp cap 12 is adhered to the lower end of
a liquid crystal container 11 for containing the liquid
crystal 3 and a liquid passing hole 13 is formed in the
center of the cap 12. Also, a needle 14 which can
electronically move in a vertical direction is disposed
above the liquid passing hole 13 of the cap 12 and the lower
end of the needle 14 closes or opens the upper hole of the
liquid passing hole 13 by the vertical movement. Further,
the inside of the liquid container is always held in the
constant pressure.

[0049]

Next, the liquid crystal supplying performance using
the electronic switching front-end needle type dispenser is
shown in Figure. For example, Akurajeta (made in Node) was
used; Also,'ZLI—4792 (made in Merck) was used as the liqﬁid
crystal. The pressure of the inside of the liquid container
11 is, for example, 4kgf/cm?’, and the thickness of the
needle 14 is, for example;‘26 G.

[0050]

The relationship between the dispense time (opening
time of the needle wvalve) and the liquid crystal dropping
amount and results of simulating the liquid crystal dropping
amount per a unit time at the dispense time are shown in Fig.
2. According to the experiment, there is a good linear

relationship between the dispense time and the liquid
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crystal dropping amount and the liquid crystal dropping
amount per a unit time is constant with high precision.

[0051]

Next, the result of simulating the precision and the
reproducibility of the liquid crystal dropping amount
accompanied by the increment of the shot number of the
liquid crystal using the electronic switching front-end
needle type dispenser is shown in Fig. 3. Thereby, if the
liquid crystal is shot 100 times for two days, the error of
the dispense amount is in the range of *1% and the high
precision and high reproducibility were obtained. Also, the
shot conditions of the first and second day were equally set.

[0052]

Since the electronic switching front-end needle type
dispenser can be used in the vacuum state, it is suitable
for the method for dropping the liquid crystal in the vacuum
state. Also, generally, the liquid crystal drops in the
atmospheric pressure state.

{Second embodiment}

In the present embodiment, in order to prevent the
sealing material 2 from reacting with the liquid crystal 3
by the ultraviolet rays 7 to prevent the liquid crystal 3
from being contaminated, a light shielding film is disposed
on the lower surface of the second substrate 4 along the

vicinity of the inside of the sealing material 2.
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Hereinafter, the detailed description will be made.

[0053]

Fig. 4(a) is a plan view of a light shield film 8
formed on the second substrate 4 and Fig. 4(b) is a cross-
sectional view thereof. 1In Fig.'4(a), the light shield film
8’formed on the rear surface of the transparent second |
substrate 4 is shown. The light shield film 8 is formed on
the region between the inside of the fréme—shaped sealing
material 2 and the outside of the display region 9, and does
not overlap with the sealing material 2 and the display
region 9. The light shield film 8 overlaps with the sealing
material 2 or is too close to the sealing material 2, a
portion which is not cured in the sealing material 2 is
generated. Thus, it is preferable that a gap is formed
between the light shield film 8 and the sealing material 2.
Also, the light shield film 8 may formed above the second
substrate 4. It is more preferable that the light shield
film 8 is formed below the second substrate 4 in view of the
light shielding precision.

{0054]

In order to increase the display quality, if the light
shield film 8 is formed by patterning the film composing the
black matrix (for example, chrome film) formed on the second
substrate 4, the manufacturing process is not complex. When

irradiating the ultraviolet rays to cure the sealing
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material 2, a light shielding mask 10 shown in Fig. 4(b) is
disposed at the outsides of the first and second substrates
1 and 4 to prevent the ultraviélet ray from béing irradiated
onto the display region 9. The light shielding region
formed by the light shield film 8 is defined between the
display region 9 and the seéling material 2.

[0055]

Further, in case that the ultraviolet rays are
irradiated onto the first substrate 1 to cure the sealing
material 2, the light shield film may be disposed on the
first substrate 1. Here, since a wire such as a bus line
composed of metal such as Al is formed on the first
substrate 1, it is preferable that the light shield film is
made of an insulating material. By providing the light
shield film 8, the amount of the ultraviolet rays irradiated
to the liquid crystal 3 at the vicinity of the sealing
material 2 can be remarkably reduced, and thus the reaction
between the sealing material 2 and the liquid crystal 3 due
to the ultraviolet ray irradiation is reduced and the
contamination of the liquid crystal 3 can be redﬁced. In
addition, the reaction between the liquid crystal of the
display region and the sealing material 2 is prevented by
the external light shielding mask 10 to suppress the liquid
.crystal 3 from being contaminated.

[0056]
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As mentioned above, in the present embodiment, since
the ultraviolet rays can be prevented ffom being irradiated
onto the liquid crystal located at the vicinity of the
seaiing material, the contamination of the liquid crystal
due to the reaction between the sealing material 2 and the
liquid crystal 3 can be avoid. T-470 Cartion polymerization
type Nagesechiba (made in Nagase chemteX Corporation; one
hundred thousand cp) is used as the sealing material and the
light shielding is performed, and reduction of the electric
resistance of the liquid crystal is observed by evaluation
of the voltage holding ratio. The liquid crystal holding
ratio is hardly reduced. Also, ZLI-4792 (made in Merck) was
used as the liquid crystal 3 and the ultraviolet ray
irradiating condition of the sealing material 2 was 5000
mJ/cm?.

[0057]

Further, the ultraviolet ray§ may be irradiated to only
the frame-shaped sealing.material in a bea@ shape, and, in
this case, the light shield film is not required.

(Third Embodiment)

A method for producing a liquid crystal display panel
according to a third embodiment of the present invention has
the same flow as the first embodiment, except that a method
for forming a sealing material for sealing two substrates 1is

different from that of the first embodiment.
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[0058]

Fig. 5(a) is a plan view of a liquid crystal display
panel in the state that the liquid crystal is sealed and Fig.
5(b) is a cross-sectional view thereof. 1In Fig. 5(a), a
sealing material 2b is formed on the outside of the sealing
material 2a in the panel and a liquid crystal 3 is sealed in
the inside of the sealing material 2a. The space between
the sealing materials 2a and 2b is in the vacuum state and
the outside of the sealing material 2b is in the atmospheric
pressure state. In order to form the double sealing
materials 2a and 2b, the sealing materials 2a and 2b are
adhered to the first substrate 1 before overlapping the
first and second substrates 1 and 4 with each other. Also,
if the first and second substrates 1 and 4 overlap with each
other and are adhered to each other and the ambient is in
the atmospheric pressure state, the first and second
substrates 1 and 4 are attracted to each other and thus the
liquid crystal 3 is filled in the inside of the sealing
material 2a. At this time, the outside of the sealing
material 2b is in the atmospheric pressure}state, but the
space between the sealing materials 2a and 2b is in the
vacuum statep

[0059]

When the liquid crystal 3 is sealed between the

substrates in the atmospheric pressure state, the inside of
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the sealing material 2a is held in the vacuum state until
the liquid crystal 3 is completely filled in the inside of
the sealing material 2a. However, by disposing the double
sealing material, the outside of the sealing material 2a can
be held in the vacuum state. Accordingly, the rapid
pressure difference between the inside and the outside of
the sealing material 2a can be prevented and thus the
sealing failure of the sealing material 2a can be avoided.

[0060]

Eﬁrthermore, after the sealing of the liquid crystal 3
is completed and at least sealing material Zé is cured, the
outside of the sealing material 2a of the second substrate 4
is cut and removed. Thereby, the material of the sealing
material 2b is not limited and can use various materials.
By disposing the double sealing materials, the sealing
failure can be reduced and thus the yield of the liquid
crystal panel can be enhanced.

[0061] |

[Advantages]

As described above, the present invention provides the
liquid crystal display panel formed by forming a frame-
shaped sealing material on one substrate having the
transparent electrode, dropping the liquid crystal in the
sealing material, overlapping the substrate with the other

substrate having the spacers in the vacuum state, filling
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the liquid crystal between the substrate by returning the
ambient to the atmospheric pressure state, and curing the
sealing material, and the method for the liquid crystal
display panel. By using the spacer of which the diameter is
smaller than 0.2 pum than the thickness of the liquid crystal
layer held between the substrates, the thickness of the
liquid crjstal layer held between the substrates is uniform
and the substrates can be surely moved when performing the
;epositioning process.

{0062]

By using the spacers having adhesive as the spacer, the
spacers are prevented from being unevenly distributed by the
flow of the liquid crystal. Thereby, the uniformity of the
thickness of the liquid crystal layer held between the
substrates is enhanced over the entire panel. Also, by
using the sealing material having the viscosity of at least
50,000 cp, the sealing material can endure an external force
and thus the sealing failure can be reduced. Further, by
.providing the double sealing material frame, the pressure
difference between the inside and the outside of the frame
for sealing the liquid crystal can be reduced and thus the
sealing failure can be reduced. Thereby, the yield of the
liquid crystal display panel can be enhanced.

[0063]

Moreover, when irradiating the ultraviolet rays onto
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the ultraviolet-ray curing type sealing material, the liquid
crystal can be prevented from being contaminated by the
reaction between the liquid crystal and the sealing material
due to the ultraviolet rays, because the light shield film
is provided at the vicinity of the sealing material. Thus,
the display performance of the liquid crYstal‘display panel
can be enhanced. 1In the present invention, since the liquid
crystal material drops using the dispenser which is switched
by the needle, the dropping amount can be precisely
equalized and the reproducibility can be enhanced.
[Brief Description of the Drawings]

[Fig.'l]

Figs. 1(a) to 1l(e) are cross-sectional views
schematically illustrating a method for producing a liquid
crystal display paﬁel according to‘an embodiment of the
present invention.

[Fig. 2]

Fig. 2(a) is a cross-sectional view schematically
illustrating an electronic switching front-end needle type
liquid crystal dispenser, and Fig. 2(b) is a graph
illustfating the relationship between a dispense time and
the dispense amount and the change of the dispense amount
per a unit time over the dispense time.

[Fig. 3]

Fig. 3 is a graph illustrating the relationship between
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the shot number and the dispense amount of the electronic
switching front-end needle type liquid crystal dispenser.
[Fig. 4]

Fig. 4 illustrates one process of the method for
producing the liquid crystal display panel shown in Fig. 1,
wherein Fig. 4(a) is a plan view thereof and Fig. 4(b) is a
cross-sectional view thereof.

[Fig. 5]

Fig. 5 illustrates one process of a method for
producing a liquid crystal display panel according to a
second embodiment of the present invention, wherein Fig.
5(a) is a plan view thereof and Fig. 5(b) is a cross-
sectional view thereof.

[Fig. 6]

Fig. 6 schematically illustrates a method of producing
a liquid crystal display panel, wherein Figs. 6(a) to 6(c)
are perspective views illustrating processes, respectively.

{Fig. 7]

Fig. 7 is a plan view illustrating a séaling failure of
a sealing material generated by a conventional method of
producing a liquid crystal display panel.

{Fig. 8]

Fig. 8 is a graph illustrating the change of a voltage

holding ratio of a liquid crystal at different locations in

the panel in the conventional method of producing a liquid



H08-106101.doc - 38 -

crystal display panel.
[Reference Numerals]
1, 4, 21, 24: substrate
2, 2a, 2b, 22: sealing material
3, 23: 1liquid crystal
5: spacer
6: cell
7: wultraviolet rays
8: 1light shielding film
9: display region
10: light shielding member
12: cap
13: 1liquid passing hole

14: needle
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